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Results from the 2011 National Assessment of Educational Progress indicate that just 34% of both fourth graders and eighth graders are reading at or above a proficient level (National Center for Education Statistics, 2011) . One third of fourth graders and nearly one fourth of eighth graders scored below basic in their reading proficiency, meaning that they lack the ability to comprehend text written at their grade level. These data highlight the fact that many students in Grade 4 and above require reading intervention to improve their comprehension skills. These skills are critical for acquiring content knowledge from what they read. Without effective intervention, they will lack the literacy skills needed to join the workforce or pursue postsecondary education (Kamil et al., 2008) . However, as Kamil et al. (2008) point out, educators of students in Grades 4 to 12 often struggle to know how best to help students improve their reading ability
In response to this need for research-based guidance on selecting and implementing reading interventions beyond the primary grades, Scammacca et al. (2007) conducted a meta-analysis of the empirical literature published between 1980 and 2004 on interventions for struggling readers in Grades 4 through 12. The aim of the meta-analysis was to determine the relative effectiveness of these interventions and provide evidence-based guidance for policy and practice. Scammacca et al. found an overall mean effect size of 0.95 across all types of reading interventions and outcome measures, indicating that on average, the group receiving treatment outperformed the comparison group by nearly one standard deviation. The mean effect size when looking at outcomes on standardized, norm-referenced measures only was far smaller at 0.42, or nearly half a standard deviation of difference between treatment and comparison groups. Researchers found similar results when looking at the effects of reading interventions on measures of reading comprehension, reporting a 0.97 mean effect for all measures of reading comprehension and 0.35 mean effect for standardized measures of reading comprehension. These effects are similar to those reported by Edmonds et al. 
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1 University of Texas at Austin, USA 2 University of Houston, TX, USA (2009), who calculated a mean effect size of 0.89 on measures of reading comprehension from 13 reading intervention studies involving students in Grades 6 to 12 published between 1994 and 2004. In subsequent moderator analyses, Scammacca et al. (2007) examined the extent to which these mean effect sizes varied based on the type of intervention, the grade level and learning disability (LD) status of the students who participated, and whether the intervention was implemented by a teacher or by a researcher. Results indicated that (a) 4th through 12th graders can benefit from word-level and textlevel interventions, (b) students in upper elementary and middle school showed the greatest gains but older students also made measurable progress, (c) students with LD benefit from intervention when it is tailored to their needs; and (d) teachers can provide effective interventions for struggling readers. The authors concluded that future research should focus on longer interventions and measure outcomes using group-administered standardized measures.
The research base on reading interventions for students in Grades 4 to 12 has expanded considerably since the publication of Scammacca et al. (2007) . As more funding became available to develop and test interventions with this population, researchers increasingly turned their attention to helping struggling readers in 4th through 12th grade. Recent intervention studies sought to extend the knowledge gained through prior research by implementing larger-scale research efforts, lengthier and more multifaceted interventions, and more rigorous research designs that utilized standardized, norm-referenced outcome measures to a greater extent than earlier studies. As a result, a sufficient number of new studies have been published to warrant a new meta-analysis. The purpose of this article is to update and expand the 2007 report with findings from studies published between 2005 and 2011 to determine whether the quality of studies reflected the guidance of the Scammacca et al. synthesis and the extent to which the conclusions drawn in the 2007 report would prevail. In addition, we intended to combine the set of studies from the 2007 report with more recent studies, allowing for sufficient statistical power to examine additional moderator variables, including the number of hours of intervention provided. Finally, we expected that comparing the more recent studies with those synthesized in the 2007 report would shed light on advancements in the rigor of research designs for literacy interventions for students in Grades 4 to 12.
Insights From Recent Meta-Analyses
Since the publication of Scammacca et al. (2007) , other researchers have conducted meta-analyses of selected adolescent reading interventions published in 2005 and later. Flynn, Zheng, and Swanson (2012) focused their metaanalysis on students in Grades 5 through 9 who were identified as having a reading disability. To meet their criteria, students in the study must have scored below the 25th percentile on a standardized, norm-referenced reading measure (standard score below 90). Furthermore, the authors included results from standardized, norm-referenced measures only. The 12 studies that met the inclusion criteria yielded a mean effect size of 0.41, nearly identical to the mean effect size of 0.42 reported for standardized measures in Scammacca et al. Flynn et al. attempted to use moderator variables related to the focus and length of the intervention and student characteristics such as age and grade level to explain the statistically significant heterogeneity in their analysis. None of these variables was found to be a significant moderator. Flynn et al. concluded that the small number of studies in their meta-analysis was a significant limitation of their findings. By including a larger sample of studies, the present meta-analysis expected to overcome this limitation and identify characteristics of more and less effective interventions. Wanzek et al. (2013) focused their meta-analysis on adolescent reading interventions that provided at least 75 sessions to students in Grades 4 through 12. Separate meta-analyses were conducted for measures of reading comprehension, reading fluency, word reading, word-reading fluency, and spelling. The number of effect sizes included in these meta-analyses ranged from five (in the meta-analysis of spelling outcomes) to 22 (in the meta-analysis of reading comprehension outcomes). Both standardized, norm-referenced measures and researcher-developed measures were included in the meta-analyses. Overall mean effect sizes ranged from 0.10 (reading comprehension outcomes) to 0.16 (reading fluency and word-reading fluency outcomes). Statistically significant heterogeneity was present only in the reading comprehension outcomes. Subsequent moderator analyses found no differences in mean effect size based on number of hours of intervention, group size, or grade level. Noting that the mean effect sizes were considerably smaller than those in earlier meta-analyses, the authors concluded that shorter interventions may be associated with larger effects than extensive interventions because the novelty of a brief intervention and/or the immediate impact of increased instructional time in reading produced an initial growth spurt that may be difficult to maintain over time. The present metaanalyses included number of hours of intervention as a moderator to determine if mean effect sizes are larger for briefer interventions than longer ones. All studies in Wanzek et al. (2013) were included in the present meta-analyses.
Changes Over Time in Reading Intervention Research
Changes in federal legislation and funding priorities over the past 10 years have caused shifts in the reading intervention research landscape since the publication of the studies analyzed in Scammacca et al. (2007) An additional factor that introduced changes in adolescent reading intervention research was the passage of the Individuals with Disabilities Education Improvement Act (IDEIA) in 2004. IDEIA 2004 introduced a change in the procedures for identifying children in need of special education services. Schools were now permitted to identify students in need of intervention based in part on their response to instruction (RTI) instead of relying primarily finding an IQ-achievement discrepancy. RTI's multitiered instruction approach requires that multiple levels of intensity of intervention be available to students who do not respond to classroom-level instruction. Thus, IDEIA 2004 and RTI likely affected adolescent reading intervention research published in 2005 and beyond in two ways. First, as RTI models were increasingly used to identify struggling readers, the pool of students who qualified to participate in intervention research broadened to include those who did not respond to classroom-level instruction but who either did not have a formal LD designation or who did have an LD designation but were not identified based on an IQachievement discrepancy. In addition, schools that were using the RTI model were implementing their own interventions for struggling readers that became the new "business-as-usual" comparison condition in intervention studies. Both of these factors could result in differences in the estimates of the effect of interventions tested from 2005 onward compared to earlier interventions.
Research Questions
The present meta-analyses seek to replicate and update Scammacca et al. (2007) by addressing the following questions:
1. How effective are the reading interventions provided in Grades 4 to 12 that have been studied over the past 30 years, both overall and on measures of reading comprehension? 2. How does the observed magnitude of the effect of reading interventions for students in Grades 4 to 12 vary based on student, intervention, and research design characteristics? 3. Do more recently studied interventions differ from older ones in their effectiveness, both overall and on measures of reading comprehension?
Method

Literature Search
A computer search of ERIC and PsycINFO was conducted to locate studies published between 2005 and 2011 to add to the studies published between 1980 and 2004 that were included in Scammacca et al. (2007) . The search procedure used to locate the studies for the 2007 meta-analysis was repeated. Descriptors or root forms of those descriptors (reading difficult*, learning disab*, LD, mild handi*, mild disab* reading disab*, at-risk, high-risk, reading delay*, learning delay*, struggling reader, dyslex*, read*, comprehen*, vocabulary, fluen*, word, decod*, English Language Arts) were used in various combinations to capture the greatest possible number of articles. Articles published online in 2011 in advance of their print publication were included, resulting in the inclusion of one study with a 2012 print publication date. A search of abstracts from other published research syntheses and meta-analyses was done and reference lists in seminal studies were reviewed to ensure that all relevant studies were identified. In addition, a search through all articles published between 2005 through 2011 in 11 major journals was conducted. These journals were selected because they were the journals in which previous intervention studies were published and were likely sources of high quality studies. 
Inclusion Criteria
Studies found through the literature search were included in the meta-analysis if they met all of the following criteria:
1. Participants were English-speaking struggling readers. Struggling readers were defined as those with low achievement in reading, unidentified reading difficulties, dyslexia, and/or with reading or LD. Studies also were included if disaggregated data were provided for struggling readers regardless of the characteristics of other students in the study. Only disaggregated data on struggling readers were used in the meta-analysis. 2. Participants were in Grades 4 to 12 (age 9-21).
When a sample also included older or younger students and it could be determined that the sample mean age was within the targeted range, the study was accepted. Studies were included if disaggregated data were provided for students in Grades 4 to 12 even if older and/or younger students also participated in the study. Only disaggregated data on students within the targeted grade range were used in the meta-analysis. 3. The study utilized an experimental or quasiexperimental treatment-comparison or multipletreatment comparison research design. Studies were coded as treatment-comparison designs if the comparison group received either no intervention or the school's "business-as-usual" reading intervention.
Studies were coded as multiple-treatment designs if all groups received an intervention designed by researchers that they would not have received if they were not participants in the study. 4. The intervention provided any type of reading instruction, including word study, fluency, vocabulary, reading comprehension, or multiple components of reading instruction in English. 5. Data were reported for at least one dependent measure that assessed one or more reading constructs. Data from measures of other constructs, including content acquisition, reading motivation, and attitudes, were not included in the meta-analysis. 6. Sufficient data for calculating effect sizes and standard errors were provided.
The same criteria were used for determining the studies to include in the Scammacca et al. (2007) meta-analysis. An initial search using these criteria identified 119 publications as potentially meeting all criteria. On further review, 83 publications were eliminated because they failed to meet all of the inclusion criteria. Studies most often were excluded because, on further inspection, it was determined that they did not provide a reading intervention, did not measure a reading outcome, did not use a group comparison research design, or included students in Grades 1 to 3 in the intervention along with older students and did not disaggregate results by grade level or age. The remaining 36 publications were retained for coding.
Coding Procedures
A similar code sheet to that used by Scammacca et al. (2007) was used for coding the new studies for the present report. The code sheet included elements specified in the What Works Clearinghouse Design and Implementation Assessment Device (IES, 2008) and used in previous research (Edmonds et al., 2009; Wanzek et al., 2006) . Data coded included participant characteristics, description of the methodology and intervention, indicators of study quality, properties of measures, and data needed for calculating effect sizes. Moderators of interest also were captured in the coding.
Researchers with doctorate degrees and doctoral students with experience coding studies for other meta-analyses and research syntheses completed the code sheets for Scammacca et al. (2007) and the studies added for the present meta-analysis. All coders had completed training on how to complete the code sheet and had reached a high level of reliability with others coding the same article independently. Every study included in the current meta-analysis was independently coded by two raters. When discrepancies were found between coders, they reviewed the article together and discussed the coding until consensus was reached.
Effect Size Calculation
For all studies, the Hedges (1981) procedure for calculating unbiased effect sizes for Cohen's d was used (this statistic is also known as Hedges's g). Hedges's g was calculated using the posttest means and standard deviations for treatment and comparison (or multiple treatment) groups when such data were provided. In some cases, Cohen's d effect sizes were reported and means and standard deviations were not available. For these effects, Cohen's d for posttest mean differences between groups and the treatment and comparison group sample sizes were used to calculate Hedges's g. Sample-weighted estimates of Hedges's g were computed to account for potential bias in studies with small samples. All effects were computed using the Comprehensive Meta Analysis (Version 2.2.064) software (Borenstein, Hedges, Higgins, & Rothstein, 2011) .
In all, 17 of the new research reports and 2 studies from the 2007 article contained more than one treatment-control or multiple-treatment group comparison. Where comparisons represented independent subgroups (consisting solely of participants whose data were not used in other comparisons in the article), effect sizes from all comparisons were entered into the meta-analysis separately. Where comparisons represented dependent subgroups (with the same participants' data represented in multiple comparisons in the article, such as when the same control group is compared to two or more treatment groups), the procedure recommended by Borenstein, Hedges, Higgins, and Rothstein (2009) was implemented. This procedure involves computing a combined mean effect size and its variance in a manner that reflects the degree of dependence in the data. This approach differs from the procedure implemented in Scammacca et al. (2007) , in which the treatment group that best represented the implementation of the intervention was included and other treatment group comparisons were dropped. As a result, one additional study that represented an independent group comparison was included and one study-wise effect size was recomputed. This resulted in some differences in mean effect sizes and confidence intervals from those provided in the original report.
Nearly all studies from Scammacca et al. (2007) and the new studies provided data on multiple outcome measures. Since these effects are inherently dependent, effect sizes from multiple measures were averaged using the procedures recommended by Borenstein et al. (2009) and the average and its standard error were included in the meta-analysis. This procedure was utilized in the 2007 report as well.
As a result of implementing the procedures described above, 82 independent, study-level effect sizes from 67 published research reports were included in the meta-analyses conducted for this article. 
Meta-analytic Procedures
A random-effects model was used to analyze effect sizes. This model allows for generalizations to be made beyond the studies included in the analysis to the population of studies from which they come. Recent methodological innovations in meta-analysis such as multilevel modeling (Hox, 2002) and structural equation modeling (Cheung, 2008) were considered as approaches to the random-effects analyses of the effect sizes. However, these models proved impossible to fit to the available data due to the number of categorical moderators of interest, many of which had more than two levels. Therefore, a traditional approach was taken to the meta-analyses. Mean effect size statistics and their standard errors were computed and heterogeneity of variance was evaluated using the Q statistic. When statistically significant variance was found, moderator variables were introduced into the random-effects models, resulting in mixed-effects models. Moderators included the following: The first four moderators were selected because they were included in the Scammacca et al. meta-analysis. Hours of intervention was added to investigate the role of intensity of intervention in intervention effectiveness. Study design was selected as a moderator to determine if the comparison condition in treatment-comparison designs (typically the school's business-as-usual treatment for struggling readers in the studies located for the present meta-analysis) could be considered an alternate treatment that affected the magnitude of the effect sizes in a similar way to a researcherdesigned alternative treatment.
As was done in Scammacca et al. (2007) , separate metaanalyses were conducted on effect sizes from all types of measures (including measures of vocabulary, spelling, decoding, reading fluency, and reading comprehension), all standardized, norm-referenced measures of these reading skills, measures of reading comprehension, and standardized, norm-referenced measures of reading comprehension. By analyzing standardized measures separately, effects that are less closely aligned to the specific instruction provided in the intervention can be observed. Reading comprehension measures were analyzed separately because gains in comprehension generally are seen as the key goal of reading intervention.
The original analysis plan for the meta-analyses called for effect sizes from studies from the 2007 report to be combined with those from the more recent studies located for the present report. However, when the combined meta-analyses were completed, very large Q statistics were observed and the mean effects were markedly different from what had been reported in the 2007 meta-analyses. As a result, separate meta-analyses were conducted for the studies from the 2007 report (the 1980-2004 group) and the current set of studies (the 2005-2011 group) and the 95% confidence intervals for their mean effects were compared to each other to determine if they overlapped. Overlapping confidence intervals generally would suggest that the 1980-2004 and 2005-2011 sets of studies came from the same population of studies, whereas nonoverlapping confidence intervals would suggest that they come from different populations of studies (though it is possible for differences to be statistically significant even when confidence intervals overlap). Results are reported below for all studies combined, the
Results
All Types of Outcome Measures
The estimate of the mean effect size across the 82 effects from all studies was 0.49 (p < .001, 95% CI = 0.38, 0.60), indicating a moderate positive effect of intervention of nearly half a standard deviation on students' reading outcomes. The variance as measured by the Q statistic was statistically significant and very large (Q = 389.00, df = 81, p < .001). The mean effect for the 1980-2004 group of studies was considerably larger at 0.96 (p < .001, 95% CI = 0.69, 1.23) than the mean effect for all studies, whereas the mean effect for the studies located for this report was somewhat smaller at 0.23 (p < .001, 95% CI = 0.15, 0.31). The confidence intervals for the two sets of studies do not overlap, indicating that the two sets do not come from the same population of studies 
All Standardized, Norm-Referenced Outcome Measures
The estimate of the mean effect size across the 53 effects from standardized outcomes from both sets of studies was 0.21 (p < .001, 95% CI = 0.12, 0.30), indicating a small positive effect of intervention on standardized measures of reading. The variance as measured by the Q statistic was statistically significant (Q = 121.15, df = 52, p < .001). The 1980-2004 group of studies had a larger mean effect size at 0.42 (p = .006, 95% CI = 0.25, 0.59) from 12 effects from standardized outcomes. The variance as measured by the Q statistic was statistically significant (Q = 67.89, df = 11, p < .001). The studies located for the present report were far more likely to include results from at least one standardized measure, with 41 of 50 (82%) contributing an effect size for this analysis compared to 12 of 32 (38%) for the 1980-2004 group. The estimate of the mean effect size for these 41 effects was 0.13 (p < .001, 95% CI = 0.07, 0.18), which is considerably smaller than the 0.42 mean effect for the 1980-2004 group of studies. The variance as measured by the Q statistic was not statistically significant for the new group of studies (Q = 42.03, df = 40, p = .38). As with the mean effects for all measures, the confidence intervals for the mean effects for standardized measures for the 1980-2004 and 2005-2011 groups of studies do not overlap, indicating that they come from different populations of studies. In addition, a comparison of the mean effect sizes for the 1980-2004 and 2005-2011 sets of studies indicated that they were different to a statistically significant degree (Q-between = 4.83, df = 1, p < .028).
All Reading Comprehension Outcome Measures
The estimate of the mean effect size across the 72 effects from reading comprehension measures from both sets of studies was 0.45 (p < .001, 95% CI = 0.34, 0.57), indicating a moderate positive effect of intervention on students' reading comprehension skills. The variance as measured by the Q statistic was statistically significant (Q = 338.40, df = 71, p < .001). 
Standardized Reading Comprehension Outcome Measures
The estimate of the mean effect size across the 49 effects from standardized reading comprehension measures from both sets of studies was 0.24 (p < .001, 95% CI = 0.14, 0.34), indicating a small positive effect of intervention on students' reading comprehension skills. The variance as measured by the Q statistic was statistically significant (Q = 146.93, df = 48, p < .001). For the 1980-2004 set of studies, the mean effect size across the 10 studies that included standardized reading comprehension measures indicated a moderate effect at 0.65 (p = .03, 95% CI = 0.06, 1.19). The Q statistic was statistically significant (Q = 73.04, df = 9, p < .001). For the 39 new studies that reported effects for standardized reading comprehension measures, the mean effect size was smaller at 0.19 (p = .03, 95% CI = 0.11, 0.27). The Q statistic was statistically significant (Q = 66.26, df = 38, p = .003). For the standardized reading comprehension outcomes, there is some overlap in the confidence intervals between the 1980-2004 In studies where data were disaggregated by grade or by another grouping variable, each grade or group contributed an independent effect size to the meta-analyses presented in this report. 
Changes in Effect Size Magnitude Over Time
The results reported above suggest a decrease in the magnitude of effect sizes for these reading interventions over time. To better understand the relationship between year of publication and effect size, meta-regression was conducted using year of publication as a predictor of effect size in a mixed-effects model using unrestricted maximum likelihood estimation. Year of publication was a statistically significant predictor of effect size when considering all types of outcome measures (β = -.04, SE = 0.01, Q-model = 40.95, df = 1, p < .001, T 2 = .15) and all measures of reading comprehension (β = -.04, SE = 0.01, Q-model = 18.47, df = 1, p < .001, T 2 = .18). However, when only standardized measures of outcomes were included, the mixed effects model indicated that year of publication was not a significant predictor of effect size (β = -.02, SE = 0.01, Q-model = 3.37, df = 1, p = .055, T 2 = .01). This finding held true for standardized measures of reading comprehension also (β = -.02, SE = 0.01, Q-model = 1.23, df = 1, p = .055, T 2 = .07). Notably, standardized measures were seldom used in reading intervention studies for Grades 4 through 12 prior to 2000. See Figures 1 to 4 for scatterplots of effect sizes by year of publication. Note. Area of the circles on the graph is proportionate to the study's weight.
The characteristics of studies were examined more closely to determine how changes in study design and participant characteristics over time may have led to reductions in effect sizes. As shown in Table 2 Studies published before 2005 also tended to focus exclusively on students with LD, whereas more recent studies were more likely to include a mix of students with LD and struggling readers without an LD designation. Note. Area of the circles on the graph is proportionate to the study's weight. Note. LD = learning disability.
Moderator Analyses
As a result of the lack of overlap in the confidence intervals between the 1980-2004 group of studies and the new (2005-2011) group of studies and the differences in study characteristics across time shown in Table 2 , separate moderator analyses were conducted for each set of studies and for the two sets combined. See Table 3 for Q-between statistics and p values for each moderator variable analysis. When statistically significant differences were found in moderator analyses, pairwise comparisons were conducted. To avoid inflating Type I error rates, the p value to determine statistical significance was reduced by dividing 0.05 by the number of comparisons made. In some cases, a significant overall Q-between statistic yielded no difference in any pairwise comparison at the reduced p value selected for the comparisons. In cases where the number of studies at a particular level of a moderator variable was less than four, the studies were not included in the moderator analysis.
See Table 4 for effect sizes, number of studies, and standard errors broken out by each moderator variable. For the standardized outcomes from the new group of studies, the Q statistic did not indicate that statistically significant variance was present. The effect sizes for this group of studies are reported in Table 3 for each moderator variable for descriptive purposes only.
Type of intervention.
Interventions were coded based on the type of intervention provided: vocabulary, word study, fluency, comprehension, or multiple components of reading. Nearly all of the multicomponent interventions included instruction targeting fluency and reading comprehension. Two thirds also provided vocabulary instruction. Statistically significant variance as measured by the Q statistic was found to exist between intervention types. In pairwise comparisons of the 1980-2004 group of studies, comprehension interventions were found to have a significantly greater mean effect size than fluency interventions when all outcome measures were included in the analysis. In addition, vocabulary interventions were found to have a significantly greater mean effect size than fluency, word study, and multicomponent interventions. However, when looking only at standardized outcome measures, the only significant difference was a significantly greater effect for word study interventions over fluency interventions. As would be expected, reading comprehension interventions had a significantly higher mean effect size than fluency interventions when looking only at reading comprehension measures. All differences were statistically significant at p < .005. In the 2005-2011 group of studies, pairwise comparisons showed that comprehension interventions had a significantly larger mean effect size than multicomponent interventions when looking at all outcome measures. No other pairwise comparisons differed at p < .005 in the 2005-2011 group of studies.
Results from pairwise comparisons of all studies indicated that vocabulary interventions had a significantly larger mean effect size than all other types of interventions when analyzing all outcome measures. Comprehension interventions were found to have a significantly greater mean effect size than fluency and multicomponent interventions when looking at all outcomes. Again, as would be expected, comprehension interventions were found to have a significantly larger mean effect size on reading comprehension outcomes than fluency, word study, and multicomponent interventions. No other differences were found to be significant at p < .005.
LD status. LD status was coded based on researchers' descriptions of participants. It was seldom the case that researchers described how students in their studies came to be designated as having an LD. Most often, information about LD status was coded from a table of participant demographics in which the number of students with LD was provided or from a brief mention in the participants section of the study that stated that students with LD were included in the intervention or were the focus of the intervention. Therefore, it may be that differences existed Note. LD = learning disability; ND = insufficient data, k < 3.
a Although the moderator analysis indicated that a statistically significant difference was found, pairwise comparisons did not yield a significant difference at the reduced p value selected to avoid inflating Type I error rates. between studies in the way LD status was determined. In studies where both struggling readers without LD and struggling readers with LD participated, both were randomly assigned to treatment without regard for their LD status. In these studies, no researchers reported differences in the alternative instruction provided to participants with LD and without LD in the comparison group. In pairwise comparisons, a statistically significant difference in mean effect size was found between studies that included only students with LD and those that included only struggling readers who were not designated as having an LD. This difference, which favored studies with only students with LD, was found to be significant at p < .017 in the 1980-2004 group of studies when including all outcomes and only reading comprehension outcomes. When looking across all 82 studies, the mean effect size for studies that included only students with LD was significantly greater at p < .017 than the mean effect size for studies that included some students with LD and some struggling readers and studies that did not include any students with LD. This finding held true when analyzing all outcomes and only reading comprehension outcomes. No significant differences were found based on the LD status of participants in the 2005-2011 group of studies.
Hours of intervention.
The number of hours of intervention provided was examined as a categorical variable because many studies reported this information as a range of hours rather than a single number. Treating hours of intervention as a continuous variable would have resulted in missing values for these studies, excluding them from the analyses. In pairwise comparisons, shorter interventions were found to have a significantly larger mean effect size when analyzing all outcomes across all studies, with studies that provided 5 hr of intervention or less and those that provided 6 to 15 hr of intervention having larger mean effects than studies that provided 26 hr of intervention or more. These differences were statistically significant at p < .008. No differences based on number of hours of intervention were found to be statistically significant in pairwise comparisons at p < . Grade level. No significant differences were found in pairwise comparisons between mean effect sizes for studies that included only 4th-5th graders, only 6th-8th graders, and only 9th-12th graders. This finding held true for the 1980-2004 and 2005-2011 sets of studies separately and for all studies combined. However, in the 2005-2011 set of studies the confidence intervals for the mean effect sizes for students in Grades 9 to 12 includes zero, meaning that it is possible (though not likely) that reading interventions have no effect on high school students.
Design type. No significant differences were found between mean effect sizes for studies that compared multiple treatments and those that compared a treatment and control or comparison condition. This finding held true for the 1980-2004 and 2005-2011 sets of studies separately and for all studies combined.
Publication Bias
Publication bias was evaluated using the trim-and-fill approach. This approach uses an iterative technique, removing studies causing a lack of symmetry in the funnel plot of effect sizes and calculating a mean effect, and then returning these studies and adding in imputed effects to create a symmetrical plot (Card, 2012) . The purpose of the analysis is to determine if estimates of mean effect size were biased by the exclusion of effect sizes from nonpublished research and published studies that might have been missed in the literature search. Results indicated that publication bias did not affect the mean effect size estimates for the meta-analysis of standardized outcome measures for all 82 studies. For all of the other meta-analyses conducted for this report, the trim-and-fill analyses found some evidence of publication bias. See Table 5 for the number of studies that are estimated to be missing from each metaanalysis and the adjusted mean effect size estimates and 95% confidence intervals that result from including imputed values for missing studies. Imputing the effect sizes for the missing studies did not result in any 95% confidence intervals that included zero.
Discussion
This meta-analysis of reading interventions conducted between 1980 and 2011 for students in Grades 4 through 12 with reading difficulties was intended as an update to and extension of Scammacca et al. (2007) , adding studies published since 2004 and drawing conclusions about new learning on the effectiveness of interventions for struggling readers in Grades 4 to 12. Because the more recent studies were representative of a different population of studies than those analyzed in Scammacca et al., we conducted separate meta-analyses for each set of studies to compare the findings across the two sets. Meta-analyses also were conducted with the two groups combined to see what conclusions could be drawn based on the full corpus of research.
Effectiveness of Reading Interventions for Students in Grades 4-12
Based on the results of the meta-analyses, it is clear that reading interventions produce positive results for students in Grades 4 to 12. Across all 30 years of studies and including all reading outcome measures, the benefit of intervention was an increase of nearly one half of one standard deviation. Results from standardized measures indicated that the gains were somewhat smaller, around one fifth of one standard deviation for students receiving intervention. On measures of reading comprehension, results also showed that students benefitted from intervention, with effect sizes of similar magnitude to those found when considering all types of reading measures. A decline in effect sizes over time was observed. Studies conducted between 1980 and 2004 resulted in larger effects than those conducted between 2005 and 2011.
When interpreting the effect size for reading interventions, it is important to compare them to typical yearly gains in reading ability for students in these grades. Bloom, Hill, Black, and Lipsey (2008) computed average gains by students over one academic year on seven nationally normed measures of reading achievement. They report annual growth effect sizes ranging from 0.40 for students in Grade 4 to 0.06 for students in Grade 11, with effects decreasing in a linear fashion as grade level increases. The effect sizes found for reading interventions in the present meta-analyses compare favorably to these annual growth effect sizes. These interventions typically lasted less than a full academic year, yet produced effects that on average were close to one year's growth when all types of reading measures are considered. In judging the effect sizes for standardized measures, it is important to note that scores on these measures are based on norms that take expected academic growth into account. Therefore, the smaller effect sizes observed for these measures represent gains in addition to what would be expected due to typical instruction and developmental growth. Based on this information, it appears that reading interventions make a positive difference for struggling readers in Grades 4 to 12.
The only statistically significant moderator of effectiveness for the 2005-2011 group of studies was type of intervention. Reading comprehension interventions were associated with significantly higher effect sizes than fluency interventions in the meta-analysis of all types of outcomes. This finding was also true for the 1980-2004 group of studies, indicating that the difference in favor of reading comprehension interventions is somewhat robust despite the fact that it was not observed when considering standardized measures in either group of studies. Vocabulary interventions, which were associated with very large mean effect sizes that were significantly higher than other intervention types in the 1980-2004 group of studies, were mostly absent from the 2005-2011 group of studies and are rarely evaluated using standardized measures (Scammacca et al., 2007) . Two thirds of the multiple-component interventions in the 2005-2011 group of studies included some vocabulary instruction. It may be that the large effect sizes reported in previous meta-analyses persuaded researchers to include a vocabulary component in their interventions.
Accounting for Differences Across Time
Findings indicated that more recent studies yielded substantially smaller mean effect sizes than the older studies.
Results of meta-regression analyses indicated that year of publication predicted effect size when analyzing effect sizes from all types of outcome measures and all types of reading comprehension measures, but not when effect sizes from standardized measures were analyzed. These results indicate that the increased use of standardized measures in more recent studies is one important factor in the decrease seen in effect size over time. This interpretation is based on consistent reporting that the use of standardized measures in intervention research is associated with smaller effect sizes (Swanson, Hoskyn, & Lee, 1999; Willingham, 2007) . Willingham (2007) suggests that experimenter-designed measures of reading comprehension tend to use reading passages that are amenable to the strategies that were taught in the intervention, whereas standardized measures use a variety of passages that may require students to apply strategies not taught in the intervention or to apply strategies that were taught in new ways. Another possible cause of shifts in effect size over time is the changing nature of the instruction provided to the comparison group. When a study compares multiple treatments or compares treatment to a business-as-usual comparison group that is receiving an intervention provided by the school, the study-wise effect size reflects the added benefit of one intervention over another, not the benefit of intervention over no intervention. It was difficult to nail down the exact nature of the instruction provided in business-as-usual comparison groups in most of the studies that used them because the research reports tended not to describe the comparison group's instruction in sufficient detail. We attempted to evaluate the business-as-usual conditions in the 1980-2004 and 2005-2011 groups of studies by comparing scores on standardized measures in each group. This effort proved fruitless due to differences in how scores were reported, differences in measures used, and differences in forms between older and current versions of measures. Nevertheless, the similarity in effect sizes between studies that used a multiple-treatment design and those that used a treatment-comparison design suggests that the comparison conditions likely involved some type of instruction. With the increasing implementation of RTI models, these comparison-group interventions may be more intensive than in the past. The 1980 The -2004 groups of studies also differ in the populations of students who participated in them. Identification of students in need of intervention based in part on RTI criteria has led to fewer studies that focus exclusively on students with LD and more that include struggling readers who have not been classified as having LD. In more recent studies, students who are designated as having LD based on criteria other than the IQ-achievement discrepancy may have lower IQs than students with LD who were included in earlier studies based on IQachievement discrepancies. In addition, a larger percentage of the more recent studies used teachers to deliver the intervention. Teachers were shown to be effective at delivering interventions in Scammacca et al. (2007) , but researcherled interventions had significantly larger effects. The studies that have been conducted more recently depend on teachers to deliver the interventions because lengthy interventions and large sample sizes make it cost-prohibitive to employ researchers to deliver the interventions.
Another key difference between the 1980-2004 and 2005-2011 groups of studies is the length of the interventions. More than three out of four of the studies published between 2005 and 2011 provided at least 16 hr of intervention, compared to less than 20% of studies published between 1980 and 2004. On the surface, it seems counterintuitive to state that longer interventions are associated with smaller effects. A possible explanation for the negative relationship found between effect size and hours of intervention is posited by Willingham (2007 Willingham ( , 2012 . He claimed that brief reading comprehension interventions (5 hr or less) can produce a large immediate effect for students who are adequate decoders because reading comprehension strategies are easy to learn. He asserted that maintaining the gain seen in a brief intervention requires that students remember to use the strategies over a longer period of time with new texts that are not similar to the passages used to practice the strategies (such as those on standardized measures of reading comprehension). Although not a completely satisfying explanation for the phenomenon noted in the present metaanalysis, Willingham's theory provides an avenue for future research on the relative effects of brief and extensive interventions.
It is important to note that other features of more recent interventions may be confounded with the length of intervention and explain the reduction in observed effect sizes over time. These features include more precise measurement, research designs that compared multiple groups, the use of multiple indicators of effectiveness that included proximal and distal measures, increased implementation of randomized controlled trials, changes in the types of students targeted for intervention, and improvements to business-as-usual instruction provided to comparison groups, among others. The finding that longer interventions were associated with smaller effect sizes should not be taken to mean that briefer interventions are more beneficial to students than more extensive interventions. Rather, additional research is needed that measures students' progress at multiple points along the course of a long intervention to determine how estimates of the effect of intervention change over time.
Comparisons With Other Recent Meta-Analyses
The size of the effects observed in the more recent studies is in line with those found in other meta-analyses of reading interventions for students in Grades 4 to 12 that have been published recently. The 12 studies in Flynn et al. (2012) used standardized measures and yielded a mean effect size of 0.41, nearly identical to the mean effect size of 0.42 reported for standardized measures in the 1980-2004 group of studies but larger than 0.13 mean effect size for the 2005-2011 group of studies. Flynn et al. included only students in Grades 5 to 9 with a reading disability. The inclusion of interventions for students in 10th-12th grade and struggling readers who were not identified as having a reading disability in the present meta-analyses might account in part for the lower mean effect sizes found for standardized measures.
In their meta-analysis on reading interventions that provided at least 75 sessions to students in Grades 4 through 12, Wanzek et al. (2013) found mean effect sizes ranged from 0.10 (reading comprehension outcomes) to 0.16 (reading fluency and word-reading fluency outcomes), comparable to the results of the present meta-analyses. For interventions lasting 26 hr of more, the mean effect size found in the 2005-2011 group of studies ranged from 0.10 for standardized measures to 0.22 for all reading comprehension measures. In the analysis of hours of intervention for all studies combined, shorter interventions of 15 hr or less were found to have significantly larger mean effect sizes than interventions that provided 26 hr or more of intervention when outcomes from all measures and all reading comprehension measures were included. These findings support Wanzek et al.'s assertion that longer interventions are associated with smaller effect sizes, though as discussed above the cause of this phenomenon is unclear and further research is needed on the growth curves of students in lengthy interventions. Flynn et al. (2012) and Wanzek et al. (2013) were unable to find moderator variables that explained the variability present in the effect sizes in their meta-analyses. Similarly, the 2005-2011 set of studies included in the present metaanalyses exhibited less systematic variation than the 1980-2004 group of studies. Where statistically significant variability was present in the more recent studies, it could not be attributed to the research design, differences in the length of the intervention, the grade level or LD status of the participants, or whether the intervention was implemented by teachers or researchers. This finding is due at least in part to the use of a random effects model.
Implications for Practice Based on the Most Current Research
The current research base supports providing interventions at both the word and text level. Most of the more recent studies focused on reading comprehension (17 studies) or included multiple components (26 studies). The multiplecomponent interventions included both word-level and textlevel instruction and produced a small but statistically significant mean effect. Vocabulary instruction, which was found to be highly effective in the 1980-2004 group of studies, was integrated into two thirds of the multiple component interventions, indicating that researchers may have taken the Scammacca et al. (2007) finding into account when designing their interventions.
In the 2005-2011 group of studies, the mean effect size for reading comprehension interventions reflected an average gain of nearly half a standard deviation when looking at all measures and about one fourth of a standard deviation on standardized measures. Reading comprehension instruction was included in nearly all of the multicomponent interventions. The research base continues to show that teaching reading comprehension strategies to struggling readers in Grades 4 to 12 is beneficial.
In addition, the most current research affirms that teachers can provide effective reading interventions. The mean effect sizes for teacher-and researcher-provided interventions in the 2005-2011 group of studies were nearly identical, both on all measures and on standardized measures. A greater proportion of the studies in the 2005-2011 group used teachers to implement the intervention (26 of 50, 52.0%, compared to 12 of 32, 37.5%, in the 1980-2004 group of studies). The largest and most rigorous studies relied on teachers to implement the intervention (e.g., Lang et al., 2009, with N = 1,197; Somers et al., 2010, with N = 5,595) . Therefore, it appears that teachers increasingly are being trained as interventionists and are proving to be as effective as researchers at providing interventions.
Finally, the most current data show that reading interventions are effective both for struggling readers with LD and those not identified as having LD. No differences based on LD status were found when looking only at the 2005-2011 group of studies. Notably, most of the studies in the 2005-2011 group included both students with and without LD. Therefore, the most recent research suggests that all struggling readers benefit from intervention regardless of their diagnosed LD status.
Limitations
The findings presented in this report are limited by the available research literature on interventions for struggling readers in Grades 4 to 12. Some research reports failed to give sufficient detail to allow for coding on all moderator variables of interest. As a result, pairwise comparisons could not be conducted for all levels of all moderators to determine the relative effectiveness of all attributes of interest. In addition, hours of intervention had to be coded as a categorical variable because exact counts of hours were not provided in many of the studies. Coding hours as a continuous variable would have yielded more precise information on the relationship between length of intervention and effectiveness. The counterintuitive finding of larger effects from shorter interventions remains unexplained. Finally, the meta-analyses presented here are limited by the finding that the 1980-2004 and 2005-2011 groups of studies came from different populations of studies. The original analysis plan that called for all studies between 1980 and 2011 to be meta-analyzed together had to be modified to include separate meta-analyses for each group. As a result, the statistical power within the moderator analyses was lower for the separate meta-analyses of the 1980-2004 and 2005-2011 groups of studies than it was when all studies were combined.
Conclusions
The results presented in this report support the efficacy of reading interventions for struggling readers in Grades 4 to 12, though the magnitude of the effects obtained may be less than originally thought based on the results of Scammacca et al. (2007) . More recent research on these interventions have included more rigorous measures of results that capture the extent to which the skills gained through the interventions generalize beyond the immediate context of the intervention. In addition, studies are providing more hours of intervention and increasingly these interventions are compared to an alternative intervention instead of a true no-intervention control group. As a result, smaller effects are observed. Despite these smaller effects, the more recently published interventions likely are more representative of the kind of intervention that struggling readers need. Reading difficulties that have perseverated past the primary school years likely do require many hours of intervention to remediate. Progress is likely to be slow but steady. Teachers are better positioned than researchers to provide longerterm interventions. The good news is that strong evidence exists showing that students in Grades 4 through 12 who are struggling in reading can improve when targeted with appropriate interventions.
Future research on reading interventions for students in Grades 4 to 12 is needed to confirm and extend what has been learned to date. The nature of the relationship between effect size and length of intervention must be clarified so that educators can make the best use of their time by providing the appropriate dosage of intervention to struggling readers to produce a meaningful and long-term effect. Additional research also might be directed toward improving the knowledge base concerning component skills so that multiple-component interventions can be more effective. For example, if more is known about how to teach word study effectively to older students with reading difficulties, better multiple-component interventions can be designed to capitalize on these findings. Further research also is needed on the current state of business-as-usual interventions for struggling readers. Gaining a better understanding of the nature of what schools are currently providing will allow researchers to craft studies that examine ways to maximize gains for struggling readers in Grades 4 to 12.
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